The subject undergoes 15 min. prelim inary dark adaptation. He is then seated facing the X -ray apparatus in a darkened room with his head immobilized in a clamp. A slit beam of Rontgen rays, 0-5 x 50 mm., is projected so th a t it traverses the eyeball w ith the plane of the beam a t right angles to the diameter to be measured. This excites the sensation of vision where the beam transects the retina. By moving the beam from side to side w ithout changing its direction with respect to the diam eter and questioning the patient as to his visual sensations, it is possible to determine a position where the beam is tangential to the retina, th a t is, the position where the reported sensation is th a t of a point of light. This position is marked by an exposure on a film introduced in front of the eye. The beam is then moved until it is again tangential a t the opposite pole and its position again marked. On the developed film the distance between the two images gives the length of the diameter; thus any selected diameter can be measured provided its ends abut on the retina. As to the axial length, this is measured by determining the lateral projection of the posterior pole of the eye on a film by the m ethod already described. A true lateral radiograph of the cornea is then taken on a dental film held a t the inner canthus. A special cone is used carrying a cross-wire in its central ray, which impresses its image on both films. After development, the films are related to each other by superimposing the images of the cross-wire and the axial length measured between the corneal image and the slit image. Measure ments may be regarded as accurate to the extent of + 0*5 mm., the w idth of the slit.
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2. Measu r e m e n t s o f t h e d ia m e t e r s of f o r t y -fiv e e y e s Table 1 sets out the findings in forty-five eyes where routine clinical examination of refraction was combined w ith the measurement of the three diameters of the eye.
T a ble 1. X -ray m e a su r e m e n t of t h e t h r e e p r in c ip a l 
i) Relation of diameters to each other
The findings recorded in table 1 enable the relation of the diameters to each other to be determined. Table 2 sets out the ratios of the transverse and vertical diameters to the antero-posterior diameter (axial length), the eyes being classified into the three refractive groups (myopic, emmetropic and hypermetropic). The following salient features emerge:
Myopic eyes. The fifteen myopic eyes w ith a mean refraction of -5-8 D (range: -0*5 to -16-0 D) have a mean axial length of 25-1 mm. I t is worth noting th a t an axial length as low as 20*5 mm. is recorded, and one as high as 28-5 mm. The tran s verse diam eter was longer than the axial diameter in one case and equal to it in another; and shorter in the remaining thirteen eyes, the mean for the fifteen eyes being 0-95 for transverse diam eter/axial diameter. Likewise the axial length exceeded the vertical diameter in all b u t one case, in which the two diameters were equal, the mean for vertical diam eter/axial length being 0-94 for the series. Using transverse diam. x vertical diam.
. , " the expression ------------(axial length^------------aS a convenient measure ot the deviation from the spherical shape a range of 077 to 0-98 is obtained with a mean of 0-90. Emmetropic eyes. In nineteen emmetropic eyes the mean axial length was 22* 8 mm., the range being 21-0 to 25-0 mm.-considerably less than for the myopic eyes. The transverse diameter approached the axial length more nearly than in the myopic eyes, the two diameters being equal in eight cases, while the transverse diameter was the smaller in only five cases, and larger in the remaining six. The mean of transverse diam./axial length for the series was 1-00. Essentially the same held good in relation to the vertical diameter: in two cases the axial and vertical diameters were equal, the axial diameter was the larger in ten cases, and the smaller in the remaining seven. The mean for vertical diam./axial length for this series was 0-99. Deviation from spherical shape ranged between 0*86 and 1-28 (0*86 to 1-09 if case 10 is excluded) with a mean of 1-00.
Hypermetropic eyes. In eleven hypermetropic eyes w ith a refraction ranging from + 0-5 to + 3*0D (mean + 1*2D) the mean axial length was 22-0 mm., the range being 20*0 to 23-5 mm. In three cases the transverse and axial diameters were equal. The transverse diameter exceeded the axial length in five cases and was the smaller in the remaining three. In this series transverse diam./axial length gave a mean of 1*01. Likewise the vertical diameter equalled the axial length in four cases, exceeded it in four more, and was less in the remaining three: vertical diam./axial length gave a mean of 1-00. Deviation from spherical shape ranged between 0-94 and 1*09 w ith a mean of 1-01.
There is thus a strong similarity between the findings for the emmetropic eyes and those for the hypermetropic eyes. The myopic eyes show an almost constant excess of the axial length over each of the two other diameters and a consequent and m arked deviation from spherical shape, the highest deviation being recorded for five of the six eyes w ith a myopia greater th an 5*0 D. I t is also notew orthy th a t absolute axial length in the seven myopic eyes w ith a refraction of 4D and over exceeds in each case the highest absolute value obtained for emmetropic and hyper metropic eyes (25*0 mm.). There is, however, no regular relation between the degree of myopia and the axial length: a relatively low axis m ay be present in a high degree of myopia (as in case 9, where the axial length was 25*5 and the refraction -14*5 D) and a longer axis in lower degrees of myopia (as in cases 11 and 37, where the axial length was 26 mm. and the refraction -4*0 and -1*0 D respectively).
(
ii) Computed volume of the eye
Assuming th a t the eye is ellipsoidal in shape, the volume of the globe has been /47T T V A \ computed on the formula Ixq j where T, V and A stand for transverse,
vertical and axial diameters respectively. The results are set out in table 3, from which it is seen th a t the range of volume extends from 4290 to 9330 cu.mm. Though the highest values are seen in myopic eyes, the range of volume for hypermetropic and emmetropic eyes is considerable (4290 to 7850 cu.mm.). The ratio log volume/log of the individual diameters, for the range of diameters considered, would be expected to give a value of less than 3. Actually, a fairly con stan t ratio of about 2*80 is obtained whichever diam eter is used. This is found for the three different types of refraction (except th a t the value tends to be somewhat lower when the axial length in myopia is the diam eter used).
T a ble 3. V olum e op g lo be calcula ted on t h e a ssu m ptio n tha To test the validity of the assumption th a t the volume of the eye can be com puted on the formula used here, published d ata from L. Weiss were used. Here a series of eyes in children was measured directly and the volume also determined by measurement. Weiss also gives the mean for the series of measured adult eyes. I t will be seen th a t Weiss's m aterial and our computed values show close approxi m ation (table 4) .
I t may therefore be concluded th a t it is possible to assess the volume of the globe from the measurement of the three principal diameters, and th a t a fairly close approxim ation can be obtained on one diam eter only, the formula being, volume (diam eter)2'80 approx., corresponding to a spherical eye.
(iii) Relation of computed total refraction to axial length
In table 5 computations of the to tal refraction of the eye are based on the com monly accepted assumption th a t the actual axial length has to be diminished by 1-67mm. to obtain K , the 'reduced axial len g th '. The power of an emmetropic globe is then computed from the formula: power = 4000/3A D (all the refractive errors being considered axial in nature). Where a spectacle correction is necessary, this is then applied in the normal way.
The following example illustrates the method: . R e la t io n o p com puted total r efr a c t io n of t h e e y e TO A X IA L L E N G T H The last column in table 5 gives the product of this computed total refraction and the observed axial length. By this method of calculation, the value of the product should (i) lie between 1455 and 1416 for axial lengths of 20*0 and 28*5 mm. respec tively, in the case of emmetropic eyes, (ii) increase progressively as the degree of myopia increases and, conversely, decrease with increasing hypermetropia. As (i) and (ii) influence the value of the product in opposite directions, there is the probability th a t a compensation will occur over a certain range of small refractive errors.
The last column of table 5 shows this expectation to be borne out. The mean for the nineteen emmetropic eyes is 1437 and the range 1431 to 1449. The eleven hyper metropic eyes ( + 0*5 to +3-0D ) give a mean of 1415 and a range of 1370 to 1425, while the myopic eyes between -0*5 and -3*0 D give a mean of 1471 and a range from 1450 to 1504. I t will be seen th a t the compensation referred to applies approximately for refractions between -1*0 and + 1*5 D.
I t is possible to compare these theoretical findings with those obtained by experi m ental methods. Goldmann & Hagen give roentgenological measurements of the total refraction and the axial length for six emmetropic and six myopic eyes. I f the same product (viz. total power x axial length) be evaluated in their cases, the mean for emmetropic eyes is 1385 and the range from 1349 to 1470. In their myopic cases ( -1*75 to -5*0 D with a mean of -3*25 D), the average value of the product is 1543 and the range 1408 to 1621. In comparable cases in table 5 (viz. nos. 17, 26, 36, 3, 11, 18 : myopia ranging from -1*75 to -5*5 D with a mean -3*25 D), the mean product is 1509 and the range 1478 to 1554. There is thus close agreement in mean values but the theoretical method gives smaller variations in the range of products.
The highly myopic eyes ( -7*5 to -16*0D, mean -12*8 D) in table 5 give much greater theoretical products (range 1600 to 1785 with a mean of 1713), and no com parable figures from direct determinations are available for comparison, to show whether, in the case of high myopia, computations based on the reduced eye are valid or whether the correlation of the components of total refraction are essentially different.
The method holds the promise, if further measurements support its validity, th a t a classification may be possible on the basis of this relationship between refractive error and the product (total power x axial length) whereby 'normal variation' and 'abnormal v ariation' groups can be separated and the optical or pathological significance studied.
D isc u ssio n
Judging by the abnormal relation of the axial length to the other diameters of the eye, by the deviation from spherical shape and, to a lesser extent, by the irregular character of the product of the measured axial, length and the computed total refraction, the myopic eye may not be the mere counterpart of the hypermetropic eye. On the other hand, there is nothing to suggest an abrupt transition from hyperm etropia and myopia; this is particularly well brought out by the findings on computed volume.
The difficulties in ascribing ' abnorm ality ' to a myopic eye are well brought out in a comparison of two pairs of anisometropic eyes (nos. 9 and 10; 11 and 12). In each case one eye was emmetropic (nos. 10 and 12) while the fellow eye in one instance showed -4D (no. 11) and -14-5D in the other (no. 9).
Comparative data on tw o p a ir s op a n iso m e t r o pic e y e s subject's number ( In the first pair of eyes the axial length of the myopic eye is more nearly within ' normal ' limits than th a t of the emmetropic eye. The ratios obtained for the relation of the axial length to the other diameters suggest an abnormally short axis for the emmetropic eye rather than an abnormal length for the myopic eye. This is em phasized by the values obtained for deviation from spherical shape: the emmetropic eye is greatly flattened (deviation from spherical shape: T28) whilst the myopic eye gives a value (0-98) which conforms to th a t of emmetropic and hypermetropic eyes. In the ratio for log vol./log axial length the emmetropic eye again gives the more 'abnorm al' value. In contrast 'abnorm al' values-abnormal in th a t they deviate considerably from the modal values-are given by the myopic eye both for volume and for the product of computed total refraction and axial length.
In the second pair of anisometropic eyes the differences between the two eyes are less striking, bu t the difficulty of assessing whether the myopic eye is abnormally elongated and the emmetropic eye abnormally flattened, is as real, the deviation from spherical shape being 0-90 and 1*09 respectively. Judging by volume and the product of computed total refraction and axial length, the myopic eye is ' abnorm al', b u t the ratio transverse diam./axial length would make the emmetropic eye the 'abnorm al' one.
As further material becomes available, and as the findings of X -ray measurement of the components of total refraction are more fully combined with d ata obtained by other clinical methods, it may be possible to sort out subgroups in the various refractive states-in emmetropia no less than in myopia-th a t present unusual correlations and possible pathological aspects. I t is show n t h a t th e o steo clasts ca n be su p ra v ita lly sta in e d w ith n e u tra l-re d so t h a t th e y a re c learly visible u n d e r th e d issectin g m icroscope. T h e ir d is trib u tio n on th e p a rie ta l b one o f n o rm a l m ice a t sev eral ages fro m b ir th to 28 d a y s a n d th e d e ta ile d a p p e a ra n c e o f n e u tra l-re d sta in e d o steo clasts is describ ed . I t is show n t h a t th e sta in in g re a c tio n varied b etw een in d iv id u a l cells, a n d som e evidence is p re s e n te d as to th e re la tio n o f th e n e u tra lre d g ran u les to cy to p lasm ic inclusions a n d to th e Golgi a p p a ra tu s . T h e b e a rin g o f th e d a ta on th e origin a n d fa te o f o steo clasts is d iscussed. I t is su g g ested t h a t som e o f th e sm all o steo clasts arise b y s e p a ra tio n from la rg e r ones. P re lim in a ry e x p e rim e n ts on th e a p p lic a tio n o f th e m e th o d to o th e r p a rts o f th e sk eleto n b y in je c tio n o f th e dy e are d escrib ed . T he d is trib u tio n o f o steo clasts on th e p a rie ta l b one o f th e g re y -le th a l a n d h y d ro c e p h a lu s-3 m u ta n ts is co m p ared w ith th e n o rm a l a n d th e occu rren ce o f g ia n t o steo clasts in th e g re y -le th a l is n o te d . A co m p ariso n o f th e n o rm a l a n d th e g re y -le th a l b y o steo c la st c o u n ts is re p o rte d , a n d th e accu ra c y o f th e m e th o d assessed. I t is sh o w n t h a t th e g re y -le th a l is deficien t in n u m b e r o f osteo clasts, a n d p o ssib ly in th e a m o u n t o f o steo c la st m a te ria l. T h e d is trib u tio n o f o steo clast size in th e n o rm a l a n d g re y -le th a l is co m p ared . Som e c ritic a l su g g estio n s are p u t fo rw ard concerning th e influence o f m e c h a n ic a l fa c to rs in c ra n ia l g ro w th , a n d th e b e arin g o f th e p re s e n t d a ta on th e p ro b le m is considered. E m p h a sis is la id on th e te n d e n c y for a n o rm a l p a tte r n o f o steo clasts to be m a in ta in e d ev e n w h en th e m ec h a n ic a l co n d itio n s are p ro b a b ly ab n o rm a l.
